Introduction
In the long run, water intake and water loss compensate each other in order to maintain a hydrosaline balance and prevent either dehydration or a hypervolemic state. The homeostasis is finely regulated by hypothal amus, neurohypophysis, kidneys and circulating hormones, the most important of which is the antidiuretic hormone (ADH), also known as arginine vasopressin (AVP).
The 'syndrome of inappropriate secretion of antidiuretic hormone' (SIADH), first described by Schwartz et al. [1] in 2 patients with bronchogenic carcinoma with a lack of the physiological stimulus for the release of ADH, is characterized by inappropriate release of ADH. According to the fact that not all the afflicted patients show elevated circulating levels of ADH, the expression 'syndrome of inappropriate antidiuresis' (SIAD) was proposed as being more accurate [2] .
SIAD: New Concepts and Treatments
Nephron Clin Pract 2011;119:c62-c73 c63 tricular nuclei neurons, then transported along the axons to the posterior lobe of the hypophysis and, in response to a number of stimuli, is released into the circulation [3] . Circulating ADH is rapidly metabolized by hepatic and renal aminopeptidase with a half-time in humans of about 18 min. In particular, vasopressinase, also called oxytocinase or placental leucine aminopeptidase, is a widely expressed type II membrane-spanning protein of the M1 aminopeptidase family, which cleaves S-benzyl-cysteine and inactivates vasopressin (and oxytocin) by releasing its N-terminal cysteine residues. It is expressed as a membrane protein and then secreted into the blood through proteolytic cleavage [4] . The circulating form of vasopressinase could be an important regulator of ADH levels and it is particularly abundant during pregnancy, insomuch as its elevated levels have been proposed as the main cause of gestational diabetes insipidus [5] .
Three known receptors bind ADH at the cell membrane: V1a, V1b (also known as V3) and V2. These receptors belong to the G-protein-coupled receptor superfamily. ADH binding to V1a and V1b receptors results in phospholipase C activation and elevation of intracellular calcium that, in turn, stimulates protein kinase C. Instead, the binding to V2 receptors activates adenylate cyclase, causing a rise in intracellular cyclic adenosine monophosphate (cAMP) [6] .
V1a subtype is ubiquitous and it is found on several cells, such as vascular smooth muscle cells, hepatocytes, platelets, brain and uterus cells. This receptor mediates the cardiovascular effects of ADH, which exerts its hypertensive effects mainly through smooth muscle cell contraction [7] . Moreover, the stimulation of V1a receptors regulates glycogenolysis, platelet aggregation, myocyte hypertrophy, anxiety and stress [8] . V1b receptors are found predominantly in the anterior pituitary gland and their stimulation results in the release of adrenocorticotropic hormone (ACTH) [9] . Finally, V2 receptors are found in endothelial cells, where their activation induces the secretion of von Willebrand factor [8] , and on the basolateral membrane of the principal cells of the renal collecting ducts, where they mediate an antidiuretic response. Stimulation of V2 receptors, through intracellular cAMP, increases synthesis and insertion of aquaporin-2 (AQP2) water channels in the luminal membrane of the collecting ducts, thus making them permeable to water [10] . Consequently, water passes passively to the hypertonic interstitium of renal pyramids, resulting in urine concentration. ADH antidiuretic action also depends on its ability of maintaining the medullary interstitial osmotic gradients by increasing the number of epithelial [Na+] channels (ENaC) and urea transporters (UT-A1), thus enhancing sodium and urea permeability in the collecting duct [11] .
ADH secretion is influenced by many different stimuli, which can be classified as osmotic and non-osmotic. Under physiological conditions, the most important stimulus is the effective osmotic pressure of plasma. Osmoreceptors are located in the anterior hypothalamus, outside the hemato-encephalic barrier, mostly on the vascular side of the terminal lamina around the ventricles, exposed to the osmotic variations of the systemic circulation [12] . The threshold for ADH release cessation corresponds to a plasmatic osmolality ! 275 mosm/kg, while for plasmatic osmolality of 284 mosm/kg or higher, ADH concentration rises linearly. ADH receptors are so sensitive that 1% osmotic variations are sufficient to determine significant modifications in ADH secretion [13] .
Hypovolemia is a potent non-osmotic stimulus for ADH secretion in humans. Baroreceptors are classified in low-and high-pressure receptors and the activation of both of them results in ADH increase. The low-pressure receptors are located in larger veins, right and left atrium and lungs, while the high-pressure ones in the carotid sinuses and aortic arch. ECF depletion initially induces secretion of vasopressin through low-pressure receptors pathways, thus working even with normal arterial pressure [14] . Angiotensin II and norepinephrine, which reinforce the response to hypovolemia, further stimulate ADH secretion [15] . Among the other non-osmotic stimuli, like stress, nausea, vomiting, drugs and hypoglycemia [16] , nociceptive stimuli, mainly post-surgery pain, have been clearly associated with an increase in ADH levels, but the underlying mechanism has not been characterized so far [17] .
Definition of SIAD
SIAD is a disorder of sodium and water balance characterized by hypotonic hyponatremia and impaired urinary dilution in the absence of renal disease or any identifiable non-osmotic stimulus known to release ADH. It is a diagnosis of exclusion.
Pathophysiology of SIAD
The pathophysiological basis of SIAD is an absolute increase in body water. This increase depends on an excessive water intake that overwhelms the restricted renal Esposito/Piotti/Bianzina/Malul/ Dal Canton Nephron Clin Pract 2011;119:c62-c73 c64 ability of diluting urine and mounting compensatory diuresis due to ADH dysregulation.
Excessive water intake, mainly due to iatrogenic water administration or inappropriate thirst, whose threshold results in downward reset in patients with SIAD [18] and ADH dysregulation, are both necessary for the full development of this syndrome, accounting for the body water expansion that in turn, through plasmatic sodium dilution, causes hypotonic hyponatremia. Actually, the process is more complicated since, to compensate for ECF expansion, aldosterone secretion is inhibited while atrial natriuretic peptide (ANP) increases. These compensative responses serve to maintain euvolemia, but at the same time, determining natriuresis and body exchangeable sodium loss, further worsen hyponatremia [19] .
However, in some cases this initial natriuresis is followed by an increase in urine volume and free water loss [20] . This phenomenon, known as 'escape from antidiuresis', has been attributed to the development of partial renal resistance to ADH, due to a paradoxical decrease in AQP2 protein and V2 receptor in the course of chronic overstimulation [21, 22] . The escape from antidiuresis is a protective homeostatic mechanism which allows plasma sodium to stabilize and occasionally to rise. The balance among ECF expansion, natriuresis and water excretion could account for the state of clinical euvolemia present in the patients affected by SIAD. Finally, it is noteworthy that in such a complex pathophysiological condition, independent factors like reduction in sodium intake, diuretic therapy and gastrointestinal loss might contribute to hyponatremia.
Causes of SIAD
The main causes of SIAD, summarized in table 1 , can be divided into endogenous (A), exogenous (B) and idiopathic (C).
A. Endogenous causes can be further divided into: (1) eutopic non-osmotic ADH release by the posterior pituitary gland; (2) ectopic production of ADH; (3) factors enhancing renal effects of ADH, and (4) ADH-like effect caused by different activating gene mutations along ADH-dependent pathways [23] .
(1) ADH eutopic non-osmotic production may be triggered by cerebral insults, like infections, malignancies, cerebrovascular diseases and multiple sclerosis. Many drugs have been associated with SIAD by direct stimulation of ADH release. Among these, the selective serotonin reuptake inhibitors (SSRIs) are the most common and between 0.5 and 32% of patients treated with SSRIs experience SIAD [24] . Pulmonary diseases are another common cause of SIAD, which can be diagnosed in the course of bacterial pneumonia, tuberculosis and asthma [25] . (2) ADH ectopic production derives from transformed cells, mainly in the course of lung small cell carcinoma, but also in other malignancies, such as pancreatic carcinoma and lymphomas. (3) Increased AQP2 expression, leading to a state of relative enhanced renal sensitivity to ADH, has been recognized as the cause of SIAD during treatments with carbamazepine and cyclophosphamide [26, 27] . (4) Recently, attention has been focused on the so-called 'nephrogenic SIAD' (NSIAD), a rare clinical condition due to gene mutations in V2 receptor and consequent constitutive activation of ADH receptor [28] . B. Exogenous forms of SIAD could be due to excessive administration of ADH or its analogs, such as desmopressin acetate (DDAVP).
C. Idiopathic forms of SIAD are a diagnosis of exclusion of A and B.
Classification of SIAD
Four different patterns of osmoregulatory defects (from A to D) have been described in the course of SIAD, according to plasmatic ADH variations following the infusion of hypertonic saline solution ( table 2 ) [29] . Types A, B, and C are attributed to a demonstrable defect in the osmoregulation of ADH. The difference between them remains in the fluctuations of plasmatic ADH levels ( table 2 ). On the contrary, type D is the expression of the above cited NSIAD, being characterized by gain-of-function mutations in V2 receptor and suppression of plasmatic ADH to undetectable levels, which begins to rise, with an increase in plasma osmolarity, as a consequence of preserved central osmoregulation [30] . The evidence that this syndrome does not constantly depend on central osmoregulation defect led to the new definition of SIAD, considered more accurate than the older SIADH.
Diagnostic Criteria and Differential Diagnosis
SIAD is diagnosed by exclusion and it must be distinguished from several other conditions of hyponatremia. In table 3 we report the criteria that have been suggested to define SIAD. Despite the number of proposed algo- rithms, the evaluation of hyponatremia remains complex [31] and it requires a complete medical history, physical examination, plasmatic and urinary osmolarity and sodium assessment ( table 4 ) ; ADH levels, instead, are not useful since they are fluctuant in the different types of SIAD. The patient should be questioned about the use of diuretics and other drugs, including sulfonylureas, tricyclic antidepressants, cyclophosphamide, SSRIs, etc. Information about patient's daily water intake, renal, hepatic or cardiac disease, diarrhea and vomiting, and history of trauma, radiotherapy or surgery should also be obtained.
The laboratory evaluation of hyponatremia should start measuring serum osmolality to confirm true hyponatremia, excluding two different situations: pseudo-hyponatremia, a laboratory artifact due to very high lipid or protein levels, and hypertonic translocational hyponatremia, due to the presence of osmotically active solutes, such as glucose or mannitol, which drive free water outside the cells. Urine osmolality and sodium concentration must be regarded to verify the presence of high osmolality ( 1 100 mosm/kg, except for type C SIAD; table 2 ) and high sodium concentration (usually 1 40 mmol/l).
Then, clinical evaluation of ECF may contribute to distinguish among hypovolemic, euvolemic and hypervolemic causes of hyponatremia [32] . Edema and high jugular venous pressure remains for ECF expansion, as in chronic heart failure, nephrotic syndrome and cirrhosis. On the contrary, hypotension, tachycardia, dry mucosae, reduced skin turgor and low central venous pressures remain for hypovolemia, as in the case of renal and extrarenal sodium loss. However, it should be warned that assessment of the volemic state by physical examination, hemodynamic parameters and laboratory analysis is often not very reliable in the clinical practice, so it is only supportive in the differentiation of hyponatremia [33] .
Cerebral and renal salt wasting syndromes (SWS) require special attention for diagnosis. They are characterized by hyponatremia and ECF depletion, caused by an abnormal renal excretion of sodium mainly in patients with insults to the central nervous system [34] . Both SWS and SIAD present hyponatremia, concentrated urine and natriuresis, but SWS is defined by a hard-to-recognize ECF depletion. In case of diagnostic uncertainty, correction of hyponatremia with the infusion of 2 liters of 0.9% saline over a period of 24-48 h (a safe procedure even in SIAD when baseline urinary osmolality is ! 500 mosm/ kg) suggests a diagnosis of hypovolemic hyponatremia.
Euvolemic hyponatremia, that is the clinical feature of SIAD, occurs also in the course of endocrine diseases, such as hypothyroidism and ACTH deficiency, primary polydipsia and excessive iatrogenic fluid replacement, mainly after the surgical procedure. Differential diagnosis may be guided by laboratory findings, such as hormone level and urinary osmolality, that results in being reduced ( ! 100 mosm/kg) over the course of polydipsia [35] . ACTH deficiency should be ruled out before making a diagnosis of SIAD. Although it could be difficult because of the same biochemical picture found in SIAD [36] , a correct diagnosis of ACTH deficiency allows a glucocorticoid replacement therapy that has been shown to normalize excretion of free water and plasma sodium concentrations [37] .
Finally, other minor diagnostic clues may help clinicians to better define SIAD. Blood urea nitrogen and uric acid levels are typically low in the course of SIAD, as opposed to diuretic-induced hyponatremia [38] .
Clinical Picture and Management
The clinical picture depends on hyponatremia severity, progression rate and intra-to extracellular osmotic gradient entity. Neurological manifestations dominate the clinical presentation [39] . Due to hyposmolality, free water enters brain cells, leading to acute cerebral edema; at serum sodium concentrations ! 125 mEq/l, apathy, weakness, headaches, nausea and vomiting develop; at concentrations ! 115 mEq/l, altered consciousness, seizures, coma, respiratory arrest and death can occur [40] . Medical care and management mainly depend on the clinical picture and timing of the development of hyponatremia, i.e. acute vs. chronic forms. The priority must be given to the correction of life-threatening conditions, which usually accompany acute symptomatic presentation of hyponatremia. Fluid restriction to less than the rate of urinary water excretion has been suggested as the initial treatment in stable asymptomatic patients [41] . Because of the difficult compliance to this prescription and the delay of its therapeutic action, saline infusion has arisen as the cornerstone of the treatment. Isotonic saline solution (0.9%) should be reserved for mild symptomatic patients and those cases of difficult differentiation between hypovolemic and euvolemic status.
Moreover, the infusion of isotonic solution to a patient with SIAD who presents a fixed elevated urine osmolality can result in further dilution and decrease of serum sodium levels. This phenomenon, also known as desalination, depends on the retention of electrolyte-free water that occurs when the osmolality of an infused solution is lower than the patient's urinary osmolality [42] .
For these reasons, acute and more severe conditions require administration of hypertonic saline solution (3 or 5%); the correction speed must be adequate and slower than 12 mmol/l/day because of the risk of osmotic demyelination syndrome [43, 44] . Osmotic demyelination entails both central pontine and extrapontine irreversible myelinolysis. Generally, after an initial improvement of neurologic symptoms, it presents with lethargy, followed by dysarthria, spastic quadriparesis and pseudobulbar palsy. The need for a safe correction of hyponatremia has been conducted for the development of mathematical formulas, such as the one of Adrogué and Madias [45] (for free access to online calculator, see http://www.medcalc.com/sodium. html). However, in clinical practice the simplest strategy is to infuse 3% hypertonic saline solution at a rate of 1-2 ml/ kg body weight per hour, increasing serum sodium levels by 0.5 mmol/l/h, and to closely monitor plasma sodium levels every 2 h [46] . Infusion can be increased up to 4 ml/ kg/h for a limited period of time in the presence of coma or seizures. The sodium concentration should not rise at a rate exceeding 2 mmol/l/h and 12 mmol/l/24 h, avoiding an increase of 1 18 mmol/l during the first 48 h and paying attention to not exceed 8 mmol/l during the first 24 h of treatment in diabetic or alcohol-addicted patients who are at greater risk of myelinolysis.
The infusion of DDAVP has been described as an effective and safe strategy to prevent or eventually reverse an inadvertent overcorrection of hyponatremia, even if the increased sodium levels had already exceeded the intended limit [47] .
Furosemide has been reported as an additive treatment for SIAD, effective in the initial phase because of its ability of increasing free water excretion through the induction of hypertonic diuresis and the loss of medullary concentration gradient [48] . However, it seems that this strategy could be effective only during the acute phase of correction, since few results of long-term treatment have been reported [49] . Therapeutic options for SIAD also include treatments which actually are not widely used in routine clinical practice. Demeclocycline hydrochloride (300-600 mg twice daily) is a tetracycline derivative that, through a not well-defined mechanism, induces nephrogenic diabetes insipidus, reducing urine osmolality and increasing serum sodium levels [50] ; unfortunately, its use has been banned due to frequent side effects, such as nausea, skin photosensitivity and nephrotoxicity [51] . Lithium carbonate also causes nephrogenic diabetes insipidus and reduces renal ability of concentrating urine through the downregulation of AQP2 [52] ; because of its association to renal toxicity and interstitial nephritis, it has been abandoned as a drug for SIAD [53] . Urea oral intake (15-60 g/day) is effective in increasing free water clearance [41] and it is useful in young children affected by NSIAD [54] , but its long-term administration is highly limited by poor palatability and bitter taste.
Recently, new therapeutic options have been evaluated, in particular vasopressin receptor antagonists, the socalled vaptans [55] .
Vasopressin Receptor Antagonist Therapy: Mechanisms, Indications and Clinical Experiences
Non-peptide vasopressin receptor antagonists are a new class of drugs, currently under study as a treatment option for SIAD. These molecules, known as vaptans or aquaretics, block ADH V2 receptors and decrease AQP2 at renal collecting ducts, which result in being insensitive to ADH and become less permeable to water, thus leading to an increased urinary excretion of free water [56] .
Several members of this drug family, such as conivaptan [57] [58] [59] , satavaptan [60, 61] , tolvaptan [62, 63] and lixivaptan [64] , have been reported to increase serum sodium in patients with hyponatremia. A recent meta-analysis including 15 randomized controlled trials showed early and late efficacy and safety of these drugs [65] . Until now only two vaptans have been released for general use: conivaptan, available as an intravenous preparation, and tolvaptan, as an oral tablet.
Conivaptan hydrochloride (Vaprisol) is a non-peptide benzazepine derivate that acts as a non-selective vasopressin V1a/V2 receptor antagonist. Conivaptan was approved in 2005 by the FDA (USA) for intravenous treatment of moderate to severe euvolemic hyponatremia and then, in 2007, for hypervolemic hyponatremia in hospitalized patients [66] . The loading dose is 20 mg i.v. to infuse over 30 min and the maintenance dose is 20/40 mg i.v. for continuous infusion over 24 h up to 4 days. The drug is metabolized only by liver cytochrome CYP3A4 and the metabolites are excreted with feces [67] ; the coadministration with other drugs metabolized by CYP3A4 (i.e. ketoconazole, amlodipine, simvastatin, clarithromycin, ritonavir, indinavir) could result in an increased risk of toxicity. Common side effects are infusion site reactions, fever, hypokalemia and gastrointestinal disturbances; moreover, conivaptan is associated with the risk of hypotension, since it may induce vasodilatation blocking the V1a receptor.
Different studies have shown conivaptan efficacy in increasing the serum sodium concentration both in the case of euvolemic and hypervolemic hyponatremia [58, 59, [68] [69] [70] [71] . Actually, these early studies considered cases of hyponatremia of different etiologies, but a randomized controlled trial specifically targeted on SIAD treatment has not been reported so far. Recently, the results of a single-center experience in the treatment of SIAD with conivaptan have been published [72] . It is a retrospective study which tested conivaptan efficacy on 18 patients, presenting moderate to severe hyponatremia due to SIAD and unresponsive to free water restriction, saline infusion or demeclocycline. All the patients had at least a 3-mmol/l serum sodium level increase and 12 patients (66.7%) reached the primary end-point (an increase of at least of 4 mmol/l), associated with urine osmolality decrease 24 h after the initiation of conivaptan therapy; this improvement was maintained even at 48 and 72 h after administration of conivaptan. Three patients (16.7%) required drug discontinuation because of a too rapid correction of hyponatremia, but none of them presented osmotic demyelination. Sodium correction rates were inversely correlated with baseline serum sodium levels and BUN, and directly associated with creatinine clearance.
Moreover, conivaptan has also been tested in the setting of congestive heart failure (CHF). In this group of patients the use of the drug increased total urine output but had modest effects on filling pressures and cardiac index [73] . Unlike conivaptan, tolvaptan (Samsca) is a selective vasopressin V2-receptor antagonist, approved by the FDA (USA) for treatment of hypervolemic and euvolemic hyponatremia, including patients with heart failure, cirrhosis and SIAD, while by EMEA (EU) only for SIAD [74, 75] . Pharmacodynamic and pharmacokinetic profiles are quite similar to conivaptan. The initial dosage is 15 mg once daily, which is increased to 30-60 mg depending on clinical response. Like conivaptan, tolvaptan is metabolized primarily by the CYP3A4, so there are warnings about drug interactions. The main adverse reactions are weakness, constipation, dry mouth, polyuria, thirst and hyperglycemia. Notably, this drug is not associated with hypotension, because of the selective antagonism on vasopressin V2 receptor. It is contraindicated when there is a need for an acute increase of serum sodium levels, in hypovolemic hyponatremia and in patients unable to sense or express thirst. Concomitant fluid restriction and hypertonic saline infusion should be avoided and patients should have free access to water to avert the risk of the osmotic demyelination syndrome.
The efficacy of tolvaptan has been proven in large randomized clinical trials [76] . The 'Study of Ascending Levels of Tolvaptan in Hyponatremia 1 and 2' (SALT-1 and SALT-2) trials were two identical randomized, doubleblind, placebo-controlled, multicenter studies which examined the effects of tolvaptan on hypervolemic and euvolemic hyponatremia ( ! 135 mmol/l), associated with chronic heart failure, cirrhosis, SIADH or other causes (about 35, 25 and 40% of the studied patients, respectively) [64] . Patients were randomized to receive tolvaptan or placebo as an adjunct to standard medical treatment. Tolvaptan was administrated once daily for up to 30 days at the initial dose of 15 mg and was increased up to a maximum of 60 mg/day during the initial 4 days of therapy, according to the response. The two primary endpoints were the change in the average daily area under the curve for serum sodium concentration from baseline to day 4 and day 30. A total of 213 patients randomized to receive tolvaptan (95 in SALT-1 and 118 in SALT-2) and 203 placebo recipients (89 in SALT-1 and 114 in SALT-2) were analyzed. Tolvaptan treatment resulted in significantly (p ! 0.001) higher mean serum sodium levels compared to placebo just within 8 h after administration of the first dose. This statistical difference was maintained at all follow-up visits at day 4 and day 30. Among tolvaptan recipients, serum sodium levels increased from 128.5 mmol/l at baseline to 133.9 mmol/l on day 4 and 135.7 mmol/l on day 30 in SALT-1 (p ! 0.001 vs. placebo group). In the experimental group there was also a significant increase of urine output, a tendency to decrease the requirement of fluid restriction, and a significant improvement of scores on the Mental Component of the Medical Outcomes Study 12-item Short-Form (SF-12) from baseline to day 30. The most common adverse effects were thirst and dry mouth, while 4 treated patients experienced overcorrection of hyponatremia.
The more recent 'Safety and sodium Assessment of Long-term Tolvaptan With hyponatremia: A year-long, open-label Trial to gain Experience under Real-world conditions' (SALTWATER) trial was thought as an openlabel extension study of the SALTs program, aiming to evaluate the long-term effects of tolvaptan in terms of safety and efficacy [77] . 111 patients with different causes of hyponatremia (CHF 29.7%, cirrhosis 18.0%, and SIADH/other 52.3%), already enrolled in SALT-1 and 2 protocols, were treated with tolvaptan and followed up for a mean of 701 days. Tolvaptan treatment resulted in serum sodium level increase in all the patients, who reached normal values within 4 weeks in more than 40% of the cases. The treatment was associated with a number of adverse effects: mild, such as pollakiuria, thirst, and fatigue, and severe, such as ventricular tachycardia, anorexia, and serum creatinine increase. Although this study suffered from the lack of a control group, its findings suggest that tolvaptan is effective but close monitoring is required.
Besides SIAD and hyponatremia, tolvaptan has also been tested in the setting of acute heart failure. In small studies, the administration of tolvaptan at a dose of 30, 60 or 90 mg/day was associated with significantly greater reductions in median body weight compared to placebo [78, 79] . The 'Efficacy of Vasopressin Antagonism in Heart Failure Outcome Study With Tolvaptan' (EVER-EST) A and B trials were two identical, randomized, double-blind, placebo-controlled studies in which 4,133 patients, hospitalized with acute heart failure, were randomized to receive tolvaptan 30 mg or placebo [80, 81] . Tolvaptan administration in a total of 2,072 patients was associated with an improvement of both the primary end-point, a composite of changes in global clinical status score and body weight, and the secondary end-points, dyspnea and peripheral edema. Unfortunately, the longterm evaluations showed no statistically significant difference in mortality compared to placebo groups.
Adverse events occurred both in the tolvaptan and placebo group but only thirst, polyuria, dry mouth and hypernatremia, all consistent with the mechanism of action of the drug, occurred significantly more frequently with tolvaptan. Overall, also considering the data on the use of conivaptan in CHF, it seems that in patients with heart failure the use of vaptans is only associated with improved clinical symptoms of congestion, but it does not alter the progression of the disease or affect patient mortality [82] . However, it should be underlined that also in the EVEREST trials, tolvaptan confirmed its effect on serum osmolality. In fact in the subgroup of 323 patients with hyponatremia (serum sodium ! 134 mmol/l) at baseline, in the tolvaptan arm there was a significantly greater increase in mean serum sodium levels from baseline to day 7, maintained until week 40. Finally, considering all the treatment options discussed above and on the basis of the reported evidence, we suggest an algorithm to guide therapeutic decisionmaking in the cases of SIAD-related hyponatremia ( fig. 1 ). We think that this approach, considering also the new data on vaptans, could help in the difficult management of patients affected by SIAD.
Conclusions
SIAD is a frequent cause of hyponatremia in the clinical setting, with a wide spectrum of clinical manifestations, from asymptomatic forms to life-threatening conditions. Therefore, the correct diagnosis is mandatory and an accurate assessment of comorbidities, patient volume status and laboratory findings is required. Traditional treatment options for SIAD include fluid restriction, saline infusion, furosemide, demeclocycline and urea, but all have their limitations and no guidelines are available. In addition, the risk of hyponatremia overcorrection should be avoided, closely monitoring the response to treatment and, maybe, using DDAVP infusion as a preventive strategy.
In this hard context, the introduction of the vasopressin receptor antagonists in clinical practice seems to offer clinicians an interesting therapeutic tool which is effective and safe in the treatment of mild to moderate hyponatremia. However, we need to develop an integrated and standardized approach for the treatment of acute and chronic SIAD-related hyponatremia. Many efforts have been made but new data from prospective randomized trials are needed, also to help physicians translate the experimental evidence into real clinical practice.
Esposito and colleagues review the syndrome of inappropriate antidiuresis (SIAD), previously known as syndrome of inappropriate secretion of ADH (SIADH).
Their comprehensive and timely review examines all aspects of physiology and pathophysiology of water retention and dilutional hyponatremia associated with SIAD. They also highlight the potential therapeutic implications and indications of the vaptans; vasopressin receptor antagonists. Vaptans or aquaretics block ADH V2 receptors and decrease aquaporin 2 (AQP2) at renal collecting ducts thus making them insensitive to ADH and less permeable to water, and thus leading to an increased urinary excretion of free water and correction of hyponatremia. They have so far proved effective in a number of hyponatremic states including those associated with congestive heart failure, cirrhosis and SIAD: SALT-1, SALT-2 and SALTWATER trials. Their side effects include thirst, polyuria, and hypernatremia. I would echo the authors stress on the importance of careful clinical evaluation to distinguish between hypovolemic, euvolemic and hypervolemic causes of hyponatremia. These should not be overlooked before labeling patients as suffering from SIAD and embarking on new and expensive therapies.
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